Though the association between sleep duration and obesity has been generally acknowledged, there is little information about the mechanisms behind this association. The purpose of this study was to examine the effect of the fat intake and stress variables on the association between sleep duration and abdominal obesity. Data for 13,686 subjects aged ≥ 20 years from the 2013-2017 Korea National Health and Nutrition Examination Survey were used, and hierarchical and stratified logistic regression analyses were employed. In the hierarchical logistic regression analyses, fat intake and stress did not change the significance or the size of the sleep effects upon abdominal obesity. These results suggest that sleep duration does not affect abdominal obesity through fat intake or stress variables. In addition, fat intake and stress are not mediators of the sleep duration variable. However, subjects with different levels of fat intake and stress showed different associations between sleep duration and abdominal obesity. Subjects who were in the lowest or highest group of fat intake as well as self-reported stress level showed a weaker relationship between sleep duration and abdominal obesity, compared with the other groups. In conclusion, fat intake and stress modify the effects of sleep duration on abdominal obesity according to the stratified regression results.
Introduction
Obesity is an unresolved global issue, despite long-term research efforts and active government interventions. Accumulated fat in abdominal adipose tissue has been reported to be closely associated with hyperlipidemia, insulin resistance and inflammation [1] . Abdominal obesity which is diagnosed as an increased waist circumference or waist-to-hip ratio has been recently suggested to be a better predictor of the risk of chronic diseases than obesity [2] [3] [4] .
Conventional obesity research has approached obesity problems through the aspect of the energy balance between calorie intake and expenditure. However, research interests have started to extend toward psychiatric factors, such as short sleep duration, stress and depression. While a minimum of 7 h (420 min) of sleep is recommended for adults [5] , the time spent sleeping is decreasing. In Korea, the average time spent sleeping was 460 min (7 h, 40 min) in 2009, according to the Organization for Economic Cooperation and Development (OECD) statistics, but it was reduced to 395 min (6 h, 35 min) in 2013 [6] . With an ever-increasing population with a short sleep duration (SSD), obesity and sleep duration have drawn the attention of obesity researchers from many disciplines of science. Overall, a meta-analysis has found a positive association between SSD and the incidence of obesity or increased waist circumference, and other diseases or mortality among adults [7] [8] [9] [10] [11] [12] [13] . Among Asian adults, less than 6 h (<360 min) and more than 9 h (>540 min) of sleep duration have a 31% and 64% higher risk of obesity, respectively [14] .
An association of sleep behaviors, including bedtime and the difference between the shortest and longest sleep duration in a week, with obesity, has also been examined. A large difference of sleep duration and late bed time are positively associated with obesity [15] . Similarly, evidence acknowledging the association between sleep duration and obesity is accumulating, but research efforts to understand the nature of this association are rare.
Two mechanisms relating SSD and obesity may be physiologically explained as follows: (1) SSD increases ghrelin, an appetite-stimulating hormone, and decreases leptin, an appetite-suppressing hormone, in plasma [16] [17] [18] ; (2) SSD also increases the secretion of cortisol [19] , which results in increased calorie intake and the total consumption of foods [20] . This aspect of association between sleep duration and hormones affecting appetite and food intake can be understood through energy metabolic processes. There is abundant evidence that sleep duration affects dietary factors, such as total calorie intake, high intake of fatty foods, high intake of carbohydrates, and frequent snacking [21] [22] [23] [24] . Therefore, short sleep results in a higher total calorie intake, thereby increasing the risk of obesity [25] [26] [27] . There are also studies suggesting that a high fat diet can affect sleep duration [28, 29] . These two directional studies complete the association between fat intake and sleep. However, other studies have refuted the above causal relationship. Dietary factors cannot fully explain the association between sleep duration and obesity [30, 31] . That is, these studies acknowledge the association between sleep duration and obesity, but dietary factors only partially explain the effect of sleep upon body mass index or weight increase.
Short sleep and stress are known as bidirectionally-related variables [32] [33] [34] [35] . Chronic stress increases the secretion of cortisol to cope with stress responses. Stress stimulates the hypothalamic-pituitary-adrenal (HPA) axis and increases the secretion of cortisol, thereby increasing the consumption of comfort, energy dense and/or fatty foods, which promote obesity [36] . Another role of increased cortisol which facilitates visceral fat deposition has been reported by a study using a high-fat/high-sugar diet-fed mice model [37] . Therefore, these effects of stress on abdominal obesity are important.
These physiological studies have suggested that SSD is associated with an increased risk of abdominal obesity, and that fat intake and stress levels are associated with both sleep duration and abdominal obesity. Therefore, the fat intake and stress factors are potential confounding variables, which may obscure the association between sleep duration and abdominal obesity. The purpose of this present study was to examine the role of fat intake and stress in the association between sleep duration and abdominal obesity. Various logistic regression analyses, including hierarchical logistic regression analyses, were employed to examine the effect of the fat intake level and stress variables on the association between sleep duration and abdominal obesity.
Materials and Methods

Study Population
We used data from the 2013-2017 Korea National Health and Nutrition Examination Survey (KNHANES), which is a representative national survey of Korea for the analysis of this study. KNHANES is ongoing, and has been annually conducted by the Korea Centers for Disease Control and Prevention (KCDC) since 1998. KNHANES consists of a health and life style interview, health examination and nutrition survey. Of the 30,553 adults aged ≥20 years participating in the 2013-2017 KNHANES, we only included 13,686 participants based on the following exclusion criteria: Energy intake < 500 kcal/day or > 5000 kcal/day (n = 4128); pregnant or lactating (n = 274); taking medicine or undergoing treatment for diabetes, cardiovascular diseases, or thyroid disease (n = 9519); or they had missing values on the sleep duration question, their waist circumference and socio-demographic or life-style related variables (n = 2946). The survey protocol was approved by the Institutional Review Board of the KCDC, and informed consent was collected from all participants.
Outcome Variables
Abdominal obesity was used as an outcome variable, and subjects were diagnosed as having abdominal obesity if their waist circumference was ≥90 cm for men, and ≥85 cm for women, according to the criteria standardized for Koreans [38] . The waist circumference of each participant was horizontally measured at the center of the uppermost iliac crest and the lowermost rib cage at the mid-axillary line to the nearest 0.1 cm by trained staff during the health examination.
Independent Variable
Data on sleep duration were obtained from the health interview and used as an independent variable. The participants answered the question, "How many hours a day do you usually sleep?" during the weekdays or weekends, and the average was calculated. The average sleep duration time was rounded to the first digit, and these results were categorized into the following five groups: ≤5, 6, 7, 8 and ≥9 h.
Other Covariates
Covariates included sex, age, smoking, drinking, physical activity, family history of chronic disease, stress level, household income, living area, education and nutrient intake, and these variables were obtained from the health and life style interview or nutrition survey conducted by trained interviewers. Sociodemographic variables included sex, age, household income, living area and education. Living area was categorized into urban and rural, and household income was categorized into ≤middle-upper income and highest income. Education level was divided into ≤middle school graduate, high school graduate and ≥college graduate.
Smoking, drinking, physical activity, family history of chronic disease and stress level were included in the health and life style variables. The participants' answers to the question, "Do you currently smoke?", included 'everyday', 'sometimes, 'smoked in the past but do not currently smoke' or 'never', and they were categorized as follows: 'everyday' or 'sometimes' were categorized into 'yes'; and 'smoked in the past but do not currently smoke' or 'never' were categorized into 'no'. Drinking data were obtained from the question, "How often did you drink during the year before the interview?", and participants were categorized into as 'never or rarely', '2-4/month', and '≥2/week'.
Physical activity was expressed as metabolic equivalent of task (MET) hours/day based on the physical activity questions. The participants answered the question, "How many days, hours, and minutes have you usually spent more than 10 min of physical activity in a week?", according to the following physical activity levels: Vigorous, moderate, and walking. The number of days and duration time were estimated as hours a day.
Family history of chronic disease was categorized into 'yes' and 'no' based on the question, "Have your family members ever been diagnosed with chronic disease, such as hypertension, hyperlipidemia, cardiovascular diseases, or diabetes, etc. from a doctor?". The participants' answers to the question, "How often do you feel stress in your daily life?", included 'rarely stressed', 'slightly stressed', 'moderately stressed', or 'highly stressed'. Finally, calorie, carbohydrate, protein and fat intakes were obtained from the 24-h dietary recall data of the nutrition survey conducted by well-trained dietitians, and the proportions of calorie intake from carbohydrates, proteins and fats were estimated. KNHANES conducts its food intake survey using a 24-h dietary recall method. All food intakes are recorded by energy and nutrition analysis software, and intakes of calories and all the macro-and micro-nutrients are calculated by the software using a nutrition composition database. The proportion of calorie intake from carbohydrate, protein and fat was calculated by percentage of energy derived from each nutrient composition of all food intakes out of their total energy intake. We did not control other dietary variables, such as snacking, because snacks generally are high in fat and/or carbohydrate, and it can be covered by the fat and carbohydrate intake variables.
Statistical Methods
Because the primary objective of this study was to examine the effect of fat intake and stress on the association between sleep duration and abdominal obesity, our initial approach was to set up a logistic regression model as follows: Prevalence of abdominal obesity for dependent variable; sleep duration variables for independent variable; and self-reported stress level variables and quartiles of proportion of calorie intake from fat for the third control variables.
The first test investigated if fat intake and stress variables have a mediating effect. The tests were performed by adding variables sequentially using hierarchical logistic regression analyses [39] . If the fat intake and stress variables are mediators, then the addition of confounder in the logistic regression would mediate the significance and/or size of impact of the sleep variable. The quartiles of the proportion of calorie intake from fat and the self-reported stress level were added on top of the baseline and baseline plus dietary variable models. The hierarchical logistic regression modeling approach was employed to examine the effect of fat intake and stress on the association between sleep and abdominal obesity by sequentially adding control variables. Our baseline model, model 1, consisted of sleep duration variables, namely sex, age, health and lifestyle variables (such as smoking, drinking, physical activity and family history of chronic disease), and other socio-demographic variables (such as household income, living area and education). Model 2 included model 1 variables and the following dietary factor variables: Total calorie intake and the proportion of calorie intake from carbohydrates. Model 3 included model 2 variables plus the quartiles of the proportion of calorie intake from fat or self-reported stress levels.
The second test investigated if the fat intake and stress variables modify the effects of sleep duration on abdominal obesity. To assess the effect modifications by fat intake and stress variables, the effect of sleep duration on abdominal obesity was assessed in stratified groups of fat intake and stress levels [40] . We stratified logistic regression analyses over the quartiles of the proportion of calorie intake from fat and self-reported stress levels, and we examined the sleep duration effects across the stratified logistic regression analyses. To test if the stratified model is statistically superior to the aggregated model, log-likelihood tests were conducted for these logit regression models [41] . This log-likelihood test determines the better model between stratified models and one aggregated data model. If structural breaks across stratified data exist, the log-likelihood test favors the stratified model over the aggregated model.
All statistical analyses were conducted using STATA S/E 15.0 (StataCorp, College Station, TX, USA). For categorical variables and continuous variables, the Chi-square test and one-way analysis of variance (ANOVA) were performed, respectively, to estimate the differences and statistical significance in the distribution across sleep duration. To estimate the association between sleep duration and abdominal obesity, odds ratios (ORs), 95% confidence intervals (95% CIs) and p-trends were calculated using multivariable logistic regression analysis with the group of subjects sleeping less than 5 h a day as the reference group. Statistical significance was determined at a p-value < 0.05. Table 1 shows the general characteristics of the study population according to sleep duration. The average sleep duration of the study population was 7.02 ± 1.3 h/day. The mean age decreased from 51.2 ± 15.8 years in the group of subjects sleeping less than 5 h a day to 42.7 ± 16.5 years in the group of subjects sleeping more than 9 h a day. Subjects sleeping more than 9 h a day tended to be less physically active and had a higher proportion of calorie intake from fat than those sleeping less than 5 h a day. Moreover, subjects sleeping 7 h a day tended to drink less frequently, more frequently had a family history of chronic disease, felt stressed less frequently, had higher household incomes, had higher education levels, and were more likely to live in an urban area. Table 2 shows the effect of sleep duration on the prevalence of abdominal obesity. The upper panel of Table 2 shows the results of the hierarchical logistic regression analyses with sequentially increasing control variables. Model 1 evaluated the sleep duration effect while adjusting for sex, age, health and lifestyle variables, such as smoking, drinking, physical activity, family history of chronic disease, household income, living area and education. Model 2 adjusted for model 1 control variables plus dietary variables, and model 3 adjusted for model 2 control variables plus the fat intake variable. The group of subjects sleeping more than 9 h a day had a reduced risk of abdominal obesity compared to those sleeping less than 5 h a day with the adjustment of socio-demographic variables in model 1. This negative trend remained after further adjustment for nutrient intake. After adjustment of calorie intake and proportion of calorie intake from carbohydrate in model 2, the highest sleep duration group had a 35% lower risk of abdominal obesity (OR: 0.65, 95% CIs: 0.54-0.78, p-trend < 0.001) compared to the lowest sleep duration group. The size of the impact of sleep duration on abdominal obesity remained the same with the further adjustment of the proportion of calorie intake from fat, and the p-trend was still significant (p-trend < 0.001) in model 3. Because the significance and size of impact of sleep duration on abdominal obesity did not change after the addition of the fat intake variable, the fat intake variable was not a mediator. The lower panel of Table 2 demonstrates the effects of fat intake levels on the association between sleep duration and abdominal obesity by stratifying the proportion of calorie intake from fat into quartiles. The range and median value of each quartile were as follows: 0.2-13.4% and 9.8% in the lowest quartile, respectively; 13.4-19.4% and 16.4% in the second quartile, respectively; 19.4-25.8% and 22.4% in the third quartile, respectively; and 25.8-61.9% and 30.8% in the highest quartile, respectively. The manner in which sleep duration affected the prevalence of abdominal obesity was different at different levels of fat intake in model 2 compared with the aggregated model. The sleep duration effects on abdominal obesity were attenuated at the highest (fourth) and lowest (first quartile) fat intake groups. In the second and third quartile, the group of subjects sleeping more than 9 h a day was also associated with a 50% (OR: 0.50, 95% CIs: 0.34-0.73, p-trend = 0.001) and 41% (OR: 0.59, 95% CIs: 0.40-0.87, p-trend = 0.001) lower risk of abdominal obesity compared to those sleeping less than 5 h a day, respectively. The other sleep duration groups were significantly associated with abdominal obesity in the second quartile. Further, the group of subjects sleeping 8 h a day in the third quartile group was negatively associated with abdominal obesity. However, only the group of subjects sleeping more than 9 h a day had a 32% reduced risk of abdominal obesity compared to those sleeping less than 5 h a day (OR: 0.68, 95% CIs: 0.49-0.94, p-trend = 0.007) in the lowest quartile. Sleep duration was not associated with abdominal obesity in the highest quartile group. The stratified models were shown to be better than the aggregated model based on the log-likelihood test (x 2 (60) = 118, p < 0.01).
Results
General Characteristics of Study Population
Effects of Fat Intake on the Association between Sleep Duration and Abdominal Obesity
Effects of Stress on the Association between Sleep Duration and Abdominal Obesity
The effect of stress on the relationship between sleep duration and abdominal obesity is shown in Table 3 . We evaluated the effect of stress using multivariable logistic regression models 1, 2 and 3. The results showed a negative trend, and the group of subjects sleeping more than 9 h a day was associated with a 34% lower risk (OR: 0.66, 95% CIs: 0.55-0.79, p-trend < 0.001) of abdominal obesity compared to those sleeping less than 5 h a day with the adjustment of socio-demographic variables, calorie intake, proportion of calorie intake from carbohydrate, and self-reported stress level in model 3. Similar to the result of fat intake, the significance and size of the impact of sleep duration on abdominal obesity were not changed with any further adjustment of self-reported stress level. Thus, stress level was not considered as a mediator. Next we examined the association between sleep duration and abdominal obesity across the self-reported stress level to confirm if stress modifies the effect. The effect of sleep duration on abdominal obesity had different associations at stress levels in model 2 compared with the aggregated model. No significant association was observed in the lowest and highest stress levels (p-trend = 0.063 in the rarely stressed group; p-trend = 0.606 in the highly stressed group). However, the highest sleep duration group had a 35% (OR: 0.65, 95% CIs: 0.50-0.83, p-trend < 0.001) and 49% (OR: 0.51, 95% CIs: 0.35-0.74, p-trend = 0.002) lower risk of abdominal obesity in the slightly stressed and moderately stressed group, respectively. In the log-likelihood test, the stratified models were shown to be better than the aggregated model (x 2 (60) = 99, p < 0.01).
Discussion
Evidence for the association between sleep duration and obesity has been accumulating. However, the background information regarding this association is lacking. We examined how potential confounding variables, such as fat intake and stress, affect the association between sleep duration and abdominal obesity. Our findings were as follows: (1) Adding fat intake or stress variables in logistic regression did not influence the significance of sleep duration variables; (2) stratified models including the fat intake level and stress level were superior to the aggregated model, and the associations between abdominal obesity and sleep duration were changed across stratified models according to fat intake and stress levels.
The first finding of this study showed that fat intake and self-reported stress levels are not mediators of sleep duration variables based on the fact that the addition of the fat intake and self-reported stress level variables did not change the significance and/or the size of sleep effects on abdominal obesity risk. This result indicated that the sleep effects on abdominal obesity risk are not explained by fat intake or stress levels [42] . Because our sleep effect was a direct effect that did not act through mediators, the direct effects of sleep duration variables may be nondietary effects, such as a circadian effect, which was not examined in the present study [28] . Our third control variable, fat intake and stress variables, was conceptually in the causal path between sleep duration and abdominal obesity, as previous biophysiological studies have suggested that a short sleep duration increases stress and high-fat food consumption through hormonal changes, thereby increasing the risk of abdominal obesity. However, the results of the present study agree with other studies by Patel et al. [30] and Nishiura et al. [31] , suggesting that dietary behaviors, such as calorie and high-fat/high-carbohydrate intake, do not explain much about the association between sleep duration and obesity.
The second finding of this study reported that subjects with different fat intakes showed different associations between sleep duration and abdominal obesity. Subjects with the lowest fat intake (first quartile) or highest fat intake (fourth quartile) showed a weaker association between sleep duration and abdominal obesity compared with subjects with a slightly lower fat intake (second quartile) or slightly higher fat intake (third quartile). Thus, the effect of sleep duration on abdominal obesity was different in subjects with different fat intakes. The models stratified by stress levels also showed modified effects, indicating that the sleep effects on abdominal obesity risk were heterogeneous according to fat intake and stress levels [39] . Both fat intake and stress levels modified the association between sleep duration and abdominal obesity risk [39] , this is possibly because there is not much abdominal obesity risk left to be explained by sleep duration for subjects in the lowest and highest quartiles of fat intake and stress. A cautious interpretation of our results is advised, since there could be other variables, like sex, which could modify the effect of sleep on abdominal obesity, even though we found that only fat intake and stress have moderation effects.
The present study contributes to the existing literature by providing evidence that fat intake and stress have moderation effects on the association between sleep and abdominal obesity risk. However, there are some potential limitations in this study. First, the results of the present study were from cross-sectional data analyses. Thus, it was impossible to confirm the causal relationships, but the findings presented in the present study were statistically robust.
Another potential limitation is that our dietary behavior data were collected by a 1-day 24-h recall food intake survey; therefore, the dietary behavior data contained some errors in measurement, which attenuated the effect on the risk of abdominal obesity. However, this database was proven to be useful and accurate, because the sleep duration effects on abdominal obesity found in our study were similar to those of previous studies, acknowledging the association between sleep duration and obesity. Further research is needed to determine whether the results from this study will hold up in prospective study settings.
Conclusions
In conclusion, a negative relationship between sleep and abdominal obesity risk was evident; especially, a minimum of 7 h of sleep lowered the risk of abdominal obesity among subjects with healthy fat intake and among slightly or moderately stressed groups. In the aspect of nutritional implication, a healthy amount of fat intake is recommended for the beneficial effect of a minimum of 7 h sleep, which is equivalent to the National Sleep Foundation guideline.
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